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MANUFACTURE 

(57) Abstract: 

PURPOSE: To obtain a reflection-preventing article 
excellent in liot water and heat resistances, surface 
hardness an reflection-preventing properties by making a 
reflection-preventing layer formed of a layer comprising 
a fluorine-containing inorganic compound and a layer 
adjacent thereto and containing at least one selected 
from among titanium, tantalum, magnesium, praseosium 
and their compounds. 

CONSTITUTION: A reflection-preventing layer is 
provided, which includes a layer comprising a 
fluorine-containing inorganic compound and a layer 



adjacent thereto and containing at least one 
from among titanium, magnesium, praseosium and their 
compounds. From the viewpoints of the durability, low 
refractive index and the like of a film, a magnesium 
fluoride is preferable as a fluorine-containing 
inorganic compound. The reflection-preventing layer also 
contains a layer comprising an oxide of titanium, 
tantalum, magnesium or praseosium or their mixture, a 
layer comprising titanium oxide and metallic tantalum, a 
layer comprising tantalum oxide and metallic tantalum, 
and the like. An ion beam assist vapor deposition is 
effective for a coating method for the 
reflection-preventing layer to particularly improve 
hardness and film density. 
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[0 0 0 7] ^mmKm^mmMt^ y^:^mt^ 

[000 8] y -^mt^mmt^tity >y L 
't(7)M.i^mtLXity-MtVi^'yz>.. y-jitrjv^ 

So cf-etj, A=^c7)^^$, mc^ifm ®tf^®{£$ 
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[0 0 0 9] ay^?]/. -^^'^yyK 
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t=.mm.^^ity\^-h.^^)'-=-y^m't!^. ) 'fci:* 

--y^mmi^i^m't\.<m^^^i^^. 

[0 0 13] M«^*^^4SHMP:&ihjifig^4' 
ii, 8 0 °c < }cif A'l4iS]±0m^.;&^ 1 3 0 °c 

mLX-s>^z.him^h\<\ ^ o°c^mx\t. 'UMm. 
[0 0 14] t-tc. fmm±m(o0mmtmL(DK 

[0 0 15] *l§0^<Z)Mlifl?§ifcM#iiM{cfct:rsM«^ 
(Z)ffi^fe•l>v^^d:, ^MtfBgcDSff 
^ ^^[:«<^JS^^^dJ if fc J: o T«iiJ&M^ttM4 

ht)\ BMmimm\zM\^x\t. tx\z^<(m^iy^ 
^^nxm (.'Hmm^y-^'7h voi 9, no. s.i? 

~23. (1971), 'OPTICS OF THIN FILMS' 159~283. A.V 
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[0 0 17] *5§0^^Cfe^^TS^tt#^C|$S^Stl■5t;® 
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-4, 4 ' -tf^xr.i/» tcft^^tiSpKUT^ 
m sKU 4--7x::iU'>;^;i/^^;i/- 
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Afj^^i 3 ommoPxtX'&^mmi^m-^vxfj:i> 
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[it2] 



(^1^1, r3 iteic^ 1-20 (Dmi\:mmt(^ ^ 

(A) -e^^ti^-^iz-f 5 K^mt-^tc-^*ti€.R 
[0 0 2 2] r3 *<Mb!K^^T'$>s#^, :H:#;Mi:b 

^;i/7xx;i/S;S:if<Z)rU-;i/S> ^>S>VI/S, 
[0 0 2 3] $P,tC, Rl , R2 ^i;t>*R3 li, "7^^ 

:^J]y^i■^yfm -hum. t:Ka=5r^S> t;i/ 

[0 0 2 4] -M^ (A) l?^$tlS{t:^®:R<i^Mi 

F, N-7xx;i/'y'l/^5 F, N-o-^5^;i/-7xx;i/ 
vi/-^^F, N-m-^5^;b7xx;i/vb'-Y^ F, N- 
p-:'i-5=-;i/7xx;i/vW^ F, N-o-tKn^i/-7 
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vW^F, N-p-^ F^ri/:7xx;i/vb-f ^ F, N 
30 -o-^'no>'xx;i/vW5 F, N-m-^'op-7x 
x;bvl/>f^F, N-p-i^DP7xx;i/vl/>r^ F, 
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$F> N-j/^n/\:¥i/;wW5 F7b^*f*bv\ 

nt^;i/vw^ F^N-2/^'n^^i/;i/x'W5 FJ&if 
(Z)N-r;i/^;b-=<'i/-f 5 Fi:N-g^^r;b^;bvi/>f 
5 F®^?fffl3!)^s^J^*Lv^„ imm>^-r)i^)\^^v 

-f ^ Fi:N-Bg^T;bdr;i/-7l/-f ^ Fcoih^li, 
fnS5:2MJ'Xh^t-S#Wlim*^(Dm ft^j^iflcj: 
50 tj. ill:, ^6^icSfib^ti-&^S%;®T'&-5:^)^, iiS 
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Kl 0 omA3l^MLX, N-^m^ly^^ F5: 
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[0 0 2 6] r^v^T^ yfmm^2mxtmt^^'m^ 
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^Wlg^^-^^ifT^We^tlSo 30 

[0 0 2 8] ±|E5KU5«-l/7>f y?hm.^mz\t, m 
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Kit. mm^(D\^-t^ %^i^'m^±. mmm 
mmmt. m^m^±. mm\i\^±. mrnm&m 
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^) T<:7U;i/^^=}:t>'^®xx^;i/^#»^^£, M;^;!/ 

X p-^i^;!/^.-?-^^ p-t e r t 
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^ U Dx h u ^yT>'fbi^-;i/^^»#; ^ ^ ^ 
[0 0 3 1] ±Mi!f^v^iyy^ y?him-^mzi5»^- 

m: (A) x^m-^n^^j-^t. ^i^ss:2{@^xhw 

L<U4:0mM.%&JlX&&. t-^^-fe, 3 0M*%* 

mxit. it^i4, if^ffi'Siif*^:^ 
[0 0 3 2] TtcigB^fcmsMictt. wm itiHb 

m. >PI^-a^,g^€:#tS7xx;i/^>>/x-N^^ 
S-^^ y vtt 0 . 5 ~ 2 0 fia%cD*gHT'^$tis :i 

0. 5m&%m(Dm^\zitmmm 
^.a^tiT, *fc, 2 ofi»%5:Mx.s^tc«, mm 

[0 0 3 3] ^fc, ^^mmizisi-^&mmizitm^m 

<, 2ffi^XhM^LTfflV^T%m^= 

[0 0 3 4] ;*c|g^®^®m-&^&tc|||LTli, mz 

wmmi(D^rtrcm¥^yiz±m(DmAim^ 
^mcDU^M^rizu-D z-tiz^-o xm^-t^ ^ a it- 
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-^jgtciSbT^, #ic0Miifd:vN/)\ m^m^m^^isti^ 
[0 0 3 5] :^mm<Dm^(Dmmizmi'X^!^ 
[0 0 3 6] *fc, ^i§0^{c^3VATtd:, mmt&.. mu 

mmm^ti^o. 5}.xf(D^mmtb<m^^n. =f-m lo 

5^^^5t)^feSffl^^Ci3V^T^3:a^^^^0. 0 2OT® 
ISffll, ifs^)^V^ymt. x;K^i/^tffil, ^^^^^ 

;iyr;i/3-;i/^#Sg, J^^fli, :^^a>m if^')i^ so 

rii^-^Rrtgr^fe';. wm\f^^^m 

<, i:y»*b<lt, TIB-Ji$^ (B) T'^$n5*«SI 
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R4 a R5 b SiX4-a-b (B) 

1 ~ 6 (Dmii^mmt. tc\,tj\u^yim^mm 

xmayi(.6mmX'&i). a^3J;t>*bttO*fel3:l 
TfeU, (a + b) ItO, iSfettZTfe&o ) 

(B) x^s^nmm^^mit^miiihx 50 
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)iyV^-h. i s o-:/DtVbi/U>!r- n-y5=- 

;i/2/U'!r-N, s e c-y^;Ui/'J>:r-h, ^3J:t>*t- 

;i/hU>^ N^i/S/'^X x^;i/NUxN:3r2/e/9X 
x;bhU>i h^Sxi/^>, l^x;vhUxh:^i/$>9X 
tf'x;i/ h U T-fe h^^yi/'yy. l^x;b h U ^ h=¥i>x h 
^iyi/^y. ■7xx;i/hU^ :7xx;bh 
Uxh:^ri/^>vX 7xx;i/hUT-feh=^ri/J/9X y 

tr;bNUxN:^>>^/^>, r-i'Dn^Dt^yi/hUr-fe 

r-T^y^DtVl/hUxhapi/S/^X r-^Jl:^'^ 

;i/hUxh^iyi/^X N-i3- (r5 7x^;b) -r 

;ihV^h^yy^y. :^^JlhVyaLj^yiy^y. 
^nn^^;i/hU^ h^e/^/^x ^'□□^^;i/hux 

y, yut/K=^^^5^;i/bUxh:^i/S/9x a-yj 
i/ i/X-^A hV:^h^yy'yy. a - ^* U S/ 
x^;i/ h i; X h^i/i/'yy. 0 - yu i/ K=^i/x5^;i/ N 
yS-i''U^>F^f>x^;L'hUxhdp 
i/i/^y. a -yj K^ri/^a tvu h U ^ h^i/i/^ 

a-yUt/F^i/^ntl>hUxh:^i/i/-7X JS 

F^>>>^n If ;i/ H U x h^$/>>vx t - ^ U i/ F^ 
i^T'P N U ^ h^yy^y. i/ F^i/-/n 

nVl/h Ux h:^^^y^9X r -^^*U S> F^i^:/P t>h 
U jK^ i/^ y-^') y F^ i/^n tf;i/ h u :/ 
F^S/i^^X r-4^Ui/F=^i/::''ntf;i/hU^ h^Jri/ 
X hdps/i/^x r -^^) ly F^2/^a If ;i/ h U :7x/ 
^e/t/9X a -yu i/ F=¥i/^"^;^b U ^ V^yy'y 

X a-^'*';i/F^i/^"^;bNUxN:^i/s/5x /?- 
^'•y y ^^yzr^)\y h u ^ h^^r^^i^^x )S - f^) y f 
^5/>^5^;i/ h U X h r S/ F=^f 
;b h U >i h X r - y U S> F^t/^^;i/ h U X 

v^wyy. 8 -y; F^i/y^;i/h u ^ h^p s>.> 
9 5 - y u i/ F# f u X h i> 9 

(3, 4-X;K^>>>>^'D/\:iri/;b) ^5^;i/h';^N# 
2/2/9 X (3, 4-xjK^>>2/^a/sdp2/;i/) 
FUxF:Jr2/2/9X iS- (3, 4 -x^K^ 2/2/^^0 /\ 
X^;i/hU;i Ndfi/i/^^, /3 - (3, 4-x 
iX^yy^u^^^M x5^;i/h'Jxhdfi/i>9X /3 
- (3, 4:-:z.ji^^iyi/^u^^y)\/) x^;i/hU^p 
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TK^i/i/'yy. 0- (3, 4-x>j<d^i/^/^a/^dp^> 
X j8- (3, 4~X.^^iyi/^U^^i/?l) x^;i/h 

Vy^iJ^i/i/^y. 7- (3, 4-x:}fdpi/i/^'n^ 
ypn°;bhU^ h:^S/i/9X r- (3, 4- 
x4<^ i> □ /\:^r y n tVi/ H U X h ^> t/ ^ 
X 5- (3> 4-x/K^i/sy^o/\^i/;i/) -^^jvh 
U^h^^»9X 8- (3, 4-X;K^S/>>i7 0/\Jp 

JbS^X :7xX;i/;;l^;i/e;x ^dp^>^>5 

^ n n^n tr;i^;)i^;bi/x h dpi/^/^x i/^5^;i/i;^'T 

i/^ h ^ >, r - ;^ ^7 U iyfn tVb^ ^ 
;i/i;xh:^r2/J/9>', r-^;i/*>^h>''Pl^;M^;i/i^" 

>i h ^ 5/ X r - ^ T?' h tr;i/^ ^ji/S^x h 20 

X r-7'^y:/nif;b>i^;i/S/xhdri/i/^x 

5X ^^';2/K^2/^^;i/;<f-;i/i?;* h:3pS/i/5X ^ 
U ^JV:^ ^)W:ch^iyiy^y. a - ^ U S/ 

K^i/x^;i/^^;bS;^ h^^>i>9X a-VV i/ 
^x^;i/;>!.^;i/i;x h dp X ;3 - y U S/ F^i/x 
h^tyi/^y. P -i^'U S/ K^i/x^;i/ 

;i/e;x h^j/$/9x j3 -yu S/ K:^j/^Dnvi/^^;i/ 

X h:^ri/i/^X r - yu i/ K^i/ya tr;i/^^;i/5;^ 
h^i/i/9X r-^Ui>K^i/yotf;M5";bi;xh 

S/S/9X r -^Vty}^^iyzfu^)V:i^)l:f. Ndpi/x 

h X 7 - e^U K^i/:/o tf;i/x^;i/>::;^ h 40 
^i/i/^y. j-'iffJ i/ K^i/:/p tfyi/x^^yi/^^x Ndp 
X 7 - '{^U i> K^sv^n tf;bt^x;i/s;;i h dps/ 
i/v 7 - y U i/ i/-^D ::;x h J/ 

9x 7 -i'*'; K=3rv':/DH°;i/r7xx;bi/^ h^i/fy 
vx 7 -yu K^5/:/ni^;i/:7xx;i/i;x bdpi/i/ 
^>^i:*©i;T;i/3^2/j/9X i?:7xydre^e/^>* 

[003 8] z.i[ib(omm^^mit^\tim^k.\t2 
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So 

[0 0 3 9] 3n?)(Z)«m!7--r^^t^{i, =5r^rag 
?g®^i(inS^illi5TS 3 i: J: o TSn*^^(D|g^V n $: 

[0 0 4 0] mmt^it. mmm^. mmcD^i.^ 

VN^jtiSo ^cDa,#:#!|ii LTli. e/U;trv^;k 5^^xr 
[004 1] S^{c^^l:^5:SSi:^SRK(Z)S^<Z)tfr^lt 

mmmm ^ -a/ * t \%Mmm.^ i: t>v ^ \%mm 
^im7L^ivt^^x^n.\\ Z.Z.X. fm}i\%. mm 

[0 0 4 2] ^ftS^$:tg{:ts:^?^^ Lr{±#{C|5g^$ 

i:**w*L<fflVNp,ti-g.„ m\z-. \'m.(Dm^-^. mm. 
[004 3] Rji<^ J; o iz bxmm^tirc&Mmit\i^ 

[0044] 

[SlifeM ;^T, :$.mm^xm^^inz^i\zMMm 
izmmir^f)\ :^^miizn^<Dmmmizm^^^^% 

[004 5] mmoymnmimroyj^ ^ icii^ l^. 

[0 0 4 6] ^^t^^l^^liASTM D-64 8{CS 

ICJ: yfpfffibfco ffltfl^tt J IS K- 7 2 0 
3{cS^V>T!ffofe„ ;!?9XtefemSli. Me t t 1 e 
r TA3 0 0 05:MV^T?R^^Ufe (2nd runfC 

[0 0 4 7] ttz. m ;SI^R)5Ji:MS:laWfe;5l^|5*Ih 
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[0 0 4 8] (a) M^tt 
[0 04 9] (b) iffi^^ 

#000 o(Dy^^--ji^~)vx'mm^m^)> m-o^m-^ 

[0 0 5 0] (c) g^f* 

[0 0 5 1] (d) m^m^fxMm 
u-3 4 1 ommii^yt^mn ( m B^mmm) 
m\<^xnm(Dm/mwmmm&Lrz, 

[0 0 5 2] (e) jiS^tt 
jSI^R;5lhji$:ISt:rfcfe(7)& 6 OICX 2 h r (7)|^lCT^!l 

[0 0 5 3] 

(1) mmmmm 

-fv:/ntr;i/vi/>f ^ K2 6. 5g, :^^1/>18. 5 
g, i/\i^=-)v^y^y5. og, T!/if^^y>^"^n=. 

h'J;bO. 0 5g$:^g-^, ^S-tt, ^-Y^hfi-^tCj; 

^iSlMLfc^ ^^xhfi^ii, r>c®J;e)M7o 

[0 0 5 4] 1 5 OmmX 1 5 Omm, m^5m(D2 

-yhmu, 2«C®:«/9^«®jSSi*^2mni{C^SJ:-5lC 

msLxr^, z.(miLxr=.:fs=yxm(n^^ Bjfi3(^»#m 
«g^$:?iAU 7 0TCT'8^ra, ioo°c-ei^r^, 

T, M« (I) iiv^e.) mt^o 

[0 0 5 5] (I) ©5!/^X«Rfif?aRtt 1 9 

OTCT'feU, ^WMW9 0%T'*)y, If^M*; 

[00 5 6] {2) n-^^y^mmioywm. 

(a) r-^^ue/K^s^^ntf;!/^';^ h^5/2/^>in 

h^>>i/5>i 6 0. ogSrttii*^ ox: 

fC-^-^, x'^'^^^y^^^^^-^-T-Wbi^y^J^ejO. 0 
1 «<Z)^^M 3 6. 6 g 5:^^ \zmy bfco ?iT 
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h dp i/ 5 > (Dim^mm ^nt=.o 

[0 0 5 7] (b)^4CDli$g 

tufas/9>*ti*;J^^ic>i ^ y 0 5. 8 g, s;^ 
7^K52. 9g, i/'Jri - ^^^tSvS-I^J 
0. 5g$:»M^U $^fcnn>r K^^»f[:T>^ 
=^y^j)\y {.BMitmm. M&^ry^^y^J)\yA-2 

5 5 0, ^Pi^^!^5 0m/i) 8 3. 3 g, r)\y^—^ 
Ar-fe^;i/T-feN:^^-h5. OgSr^U mW^l. 

tzm. •a-T'^ynmmiiy^rz.. 
[0 0 5 8] (3) r)W}9mm.(Dmm 

TKsoogtCTK^b^J-hU'i^Ai oog&^U 

[0 0 5 9] (4) tfflgCD^ffiMa 

MB (3) xmmht=.r)\^ts')mm^so°c\ziimh 

t„ :i®MbfcT;i/;«jU«?Stc (1) i:1f7t^« 

( I ) s: 1 o^r^mmLm 5 oic®^T' 1 o^r^ 

gfel^$:«v\ ^iO^ (OT, {!) h 

[0 0 6 0] (5) n-9->(ymm}(Dm6 
HtfiB (5) cioT^iitife^ig^itfflgjcfuiB (2) xm 

i^Lfcn-^^' >^''Mldc%$:5(^±lf5iM2 Ocm/^^® 
^4T-^^^U oVN-r i 0 0°C/1 0:J>(^^«^b 
S:^Tt\ •^hlZlbOXl.X^O^imX.X. 9!mSL 
(I) ilC^^bMHiSr^J-Jfeo 

[006 1] ( 6 ) ^mm^ii-^r^mmi5im(Dm: 

HulB (5) tCj;oT^#?.nAcM«$:^-rs^li^flg 
^ 1 6 O-CjCiS^LT, M#fb-&ifeT'$>SZ r O2 /T 
i02 /Ta2 O5 /MgF2 r®MM 
{C*tl^tl3t^lK/*$:^/4, ;i/4, A/4, ;i/4 
(;i = 5 1 Onm) {Cig^LT#M«^$-&fco 
[0 0 6 2] mitW^Z r O2 <Z)#®^J:t>*T a 
2 O5 /MgF2 Ar^r;^^!:^-^^?';-- 

[0 0 6 3] #^^^fe;^l^[5;&Ih^p^(Z)MI^^#^^i, m 

Mzm^m^ o fcKfe S:M L T V ^ fe„ &Ji(D i -5 L 
[0 0 64] 

[^1] 



(9) SmW- 7- 6085 6 
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mmm2 so 

mm 1 ^C^3V^TZ r O2 /T l O2 /T a2 O5 
gF2 fflf^UlCY2 O3 /Ti02 yUgF2 

/Y2 O3 O^WmnrnT i O2 /Mg F2 

[0 0 6 5] #^tLfc;5MR)&Jt«®Hlt^#^li. < 
■r^fe^Mefe5:MU -fOfPffiliM^^r^Uc^L 40 

[0 0 6 6] 

llfiSMHCfeVNTZ r02 /Ti02 /T &2 O5 /M 
g F2 OOf^fc y ICM g O/M g F2 ^S^^^T', ^ 
(DMlz^n^n^^mm^xyz, X/4 (;i = 5 10 
nm) {Ct8^UT#^M«M$itfcJiA^1^{i, f^TlUgMl 

XIZ r O2 /Mg F2 A r >r;t>K'-A^ U 

-->!?-«$:^TVV *fe#M{CfeV^TAr>f;t>t^- 



[0 0 6 7] m(bur=.Rmm±m^(DBM=^m'&,t.. < 

[0 0 6 8] |yfeM4 
MM2{CfeV>TZ r02 /T i O2 3 2 O5 /M 
gF2 ®ftt>U{CY2 O3 /Ti02 +Pr6 On/M 
gF2 &^^«f^-C% ^.(DmK^n^ti^^^^X 
/4, a/2, ;i/4 (a = 5 2 1nin) tCfg^LT^M 
OT$-frfcJ5W«, -T^THSgMiiilll^tcfTofeo 
fe, mmm/Y2 O3 CDl^Sfe j;tJ^T i O2 +Pr6 
Oii/MgF2 Ar>f;r>lf'-A^U--> 
^raSrfftV *;^c#M{cfeVNTAr>r;t>'lf-Ari/ 

[0 0 6 9] < 

[0 0 7 0] 

1 ^cfev^T5l^^BlS:5Ky ^ ^ u b- h 
(Tg 1 oo°c) tcL, mmjm(DMKi5^s 
rmncDim.^ 1 6 o°c^c1-s©S: 8 5'ciz-ta&.mt 
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m^fmmXZrOz (D^m^^ZJ^raz O5 /MgF2 

[0 0 7 1 3 m^tir:LMMm±mms,(Dm=fm,it< 

[0 0 7 2] i:t»Jl 
|ISg#!|l{C^V^TZr02 /Ti02 /'Ta2 O5 /M 
gF2 (Z)m)»J{CZr02 XMsF2 ^^^mX'. 

zMiz^ti'etim^mm^x/z, x/a (^ = 52 
inni) \z^\.x^mmz^tzsm\%. -t^xwm 
1 i:i^^{c^Tofc„ mmBy-L r 02 (Z)#®fecfc?>'z 

r02 /MgF2 G>^®{t. A r>r:t>l^-Ai? U-n 
[0 0 7 3] #e)4i;feSlifP*ih»B"B®MM^#fe«, 



(10) Ji^gg^p 7- 60 8 5 6 
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* Lfco 

[0 0 7 4] j:bicM2 
, J:bi{Ml^C33V^TZ^02 /MgF2 a)#®®Ar^:t 
>^^-A^U-->i^^^!SfcJ:t^*MgF2 ^^ICAr 

[0 0 7 5] m^nt=.ixm^±m&o)m=^m^it<-t 

10 [0 0 7 6] 

[0077] ( 1 ) mnt^MMm±'mmi-^, 
[0 0 7 8] (2) n^^mvmmm-t^. 

[0079] ( 3 ) jfi^ttlC#tlfe;KI*R&lhifea*^ ^ 
[0080] (4 ) #tlfci^«S:%-rS„ 



(5i)int.ci.6 mm^ ;frtM## fi 
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